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Introduction
Fractional factorial designs (FFDs) are widely used for factorial experiments. When the experimental units are not homogeneous, blocking is an effective method for reducing systematic variations and therefore improving the efficiency of the experiments. It is important to choose good blocked FFDs.
A regular 2 [13] and Cheng and Wu [5] independently proposed the same blocked minimum aberration criterion, which selects the optimal design to be that which sequentially minimizes
.).
Suppose A r,j (D) is the first element in the above sequence that is not equal to 0; then the resolution of D is r if j = 0 and 2r − if j = 1 (Zhang and Park [13] [8] introduced the clear effects criterion that selects the optimal design to be that with the maximum number of clear main effects and two-factor interactions. For a fixed number of runs, conditions under which unblocked 2 m−p designs can have clear main effects or two-factor interactions have been studied by Chen and Hedayat [2] , Tang et al. [7] , and Yang and Liu [12] , among others. Wu and Hamada [9] defined the clear effects for blocked FFDs. A treatment effect is clear if it is not aliased with any other main treatment effect, twofactor treatment interaction (2fi), or any block effect. A block effect is clear if it is not aliased with any main treatment effect or 2fi. In many cases, the interactions between treatment factors and block factors and those involving three or more treatment factors are assumed to be negligible. Under such weak assumptions, the clear treatment effects and block effects are estimable. It is therefore important to discuss the conditions under which the blocked designs contain clear treatment effects and block effects and how to construct designs with the maximum number of clear effects.
Ai and He [1] provided an efficient method for identifying clear effects in blocked FFDs. Chen et al. [3] obtained some theoretical results on the existence of resolution III and IV − 2 m−p : 2 l designs containing clear main effects and 2fi's, and they derived upper and lower bounds on the maximum number of clear 2fi's of such designs. Li et al. [6] showed that the maximum number of clear 2fi's in 2 For convenience of presentation, we now introduce some notation. Throughout this paper, let k = m − p and the letters 1, . . . , k stand for k independent columns with 2 k entries of +1 or −1, i.e., letter 1 = (1, . . . 
Proof. The ''if'' part was shown by Chen et al. [3] . We now show the ''only if'' part. 
: 2 l design with resolution at least IV. Without loss of generality, suppose Step 3. Check whether the selected 2 m−p design D t satisfies the following two conditions: (1) we can find l independent third-or higher-order interactions that are neither defining words nor aliased with any main effect or 2fi; (2) the interactions of these l effects are neither defining words nor aliased with any main effect or 2fi. If the selected 2 m−p design does not satisfy the two conditions, then delete it from the list and go to Step 2.
Step 4. Assign l block factors to the l independent third-or higher-order interactions. The l block factors generate D b . Then the 2
) has resolution at least IV and contains the maximum number of 2fi's.
In
Step 1, creating a list of all nonisomorphic 2 m−p designs with resolution at least IV may not be an easy task. Fortunately, researchers have tabulated all 16-, 32-, 64-, and 128-run 2 m−p designs with resolution at least IV and at least one clear 2fi; see Chen et al. [4] and Xu [11] . For a large number of runs, see Xu [11] for an efficient algorithm to enumerate all 2 m−p designs with resolution at least IV. In Step 3, we need to check whether the selected 2 m−p design in Step 2 satisfies the two conditions.
For l = 1, we simply need to check whether we can find one third-or higher-order interaction that is neither a defining word nor aliased with any main effect or 2fi. For l ≥ 2, the search may become tedious.
In some situations, we may not need to use Algorithm 1 to search for 2 We refer the reader to Wu and Hamada [9] for some examples of this type.
Examples and design table
This section illustrates how to construct 2 l designs with the maximum number of clear 2fi's may not be unique, and we present the one with the least aberration.
